growing from embryonic brain and found that in all staining reactions they behaved identically with known (adult) nerve-fibres. That nerve-fibres do grow in this manner has recently been shown conclusively by Speidel (1933) , who observed developing nerve-fibres in the living tadpole's tail and found them to agree in every respect with those observed in tissue culture.
It was soon found that various conditions were necessary for the successful culture of nerve-tissue. The first is rigid asepsis. The culture medium usually consists of plasma and embryo extract and is therefore an excellent medium for the growth of bacteria. Any contamination results in the decomposition of the culture in 24 hours.
Another feature which soon became apparent was the importance of the mechanical conditions in the culture. To allow the tissue to float free in liquid was found to lead to prompt cessation of growth and steady degeneration of the cells (Uhlenhuth, 1915; Loeb, 1921; Fischer, 1925) . If cells are to grow in a fluid medium then either there must be very little fluid so that capillary attraction will hold the tissue firmly on to the coverslip, or a mass of cottonwool may be incorporated so that the tissue is held firmly in its meshes. This dependence of the cells on mechanical conditions is a factor which has not been widely appreciated, but the results of tissue culture have repeatedly shown it to be of fundamental importance. The usual method for supporting the tissues is to use plasma which is allowed to clot on the coverslip so as to hold the tissue firmly. When the cells or fibres grow they use the fine fibrin framework as a support.
The directing forces controlling the direction of growth of nerve-fibres have been the subject of much work. Here we shall refer only to work which has used the method of tissue culture. Ingvar (1920) reported that the outgrowth of fibres from nerve-tissue in culture was influenced by weak electric currents. This statement has been widely quoted and used extensively in theoretical discussions. Recently, however, Weiss (1929 has supplied much evidence that it is the orientation of the protein micelle which is the determining factor. He repeated Ingvar's work, using a variety of currents, and was entirely unable to find any specific electrical effect. He has certainly shown that mechanical conditions have a profound effect on the direction of growth of the nerve-fibre. By producing stresses in the clot in various ways he showed that these stresses have a marked effect on the direction of growth of nerve-processes. One ingenious method used by him was to make small wire frames of various shapes (triangle, rectangle, etc.). These were dipped in plasma to form a film across the frame and the nerve-tissue was placed in the centre so that when the film clotted the tissue was held in the film. Owing to the subsequent contraction of the fibrin, various stresses were set up in the film depending on the shape of the frame. In all cases the fibres developed mostly along the lines of stress. This property is not exclusive to nerve-fibres, however, since one remembers how, especially in the head of the femur, the bone spicules align themselves with the main lines of stress. This is another example of the importance, in growth, of mechanical conditions.
The age of the animal providing the tissue is of some importance. With regard to the nervous system, Burrows (1911, a) found maximal activity in cultures from the neural tube when chick embryos were 48-72 hours old. Axiscylinders from brain-cells grew best when the chick embryos were 6-10 days old. Olivo (1927, b) found by culturing nerve-tissue from chick embryos of various ages that fibres grew only after several subcultures when taken from 4-day embryos and that they grew sooner as the egg was older. With 7-8-day embryos the fibres grew in the first culture. When the embryos were older than about 15-16 days no fibres would grow at all. He considered that the fibres obtained with young (4-5-day) embryos were new fibres, while those obtained from older (8-12-day) embryos were regenerated fibres growing from the ends of fibres cut while removing the piece of tissue.
With regard to the influence of temperature, embrvo cells from the chick will generally tolerate low temperatures fairly well, living for many days at room temperature (Fischer, 1926) . They may be kept for a day or two at O' C. without permanent injury (Lambert, 1913; Drew, 1923 In all cases it appears to be necessary that there should be a ' colony' to start with. Fischer (1925) Ingebrigsten (1913 Ingebrigsten ( , a, b, 1916 found that when the nerve-processes were cut the central end retracted a little, but later started to grow again and sent out new processes. In the terminal, severed, part degeneration started after about 24 hours. By microdissection methods, Levi (1926) observed that if a fibre is cut the two ends may sometimes rejoin without subsequent degeneration.
It has been repeatedly found that growth in the cellular sense hardly occurs at all in cultures of nerve-tissue. Levi (1926) has observed mitosis in nerve-cells in culture, but this is rare. A small amount of migration of nerve-cells occurs (Olivo, 1926 (Olivo, , a, 1927 so that cultures may seem to increase slightly in size in culture, but it is the general rule that as soon as nerve-tissue is explanted, it stops growing. The morphology of the primitive cell and the question of whether differentiation occurs in vitro have been studied by Levi (1916 Levi ( , 1917 Levi ( , 1929 Levi ( , 1930 Levi ( , 1934 , Olivo (1926 b, 1927 b), Grigorieff (1931 Grigorieff ( , 1932 , Lazarenko (1931) , Bauer (1932) , Mihalik (1932, d) and Serebriakow (1935) . They observed various signs of partial differentiation but found that after repeated subculture the cells cease to throw out further processes and dedifferentiate to a circular neuroblast-like cell. Spinal ganglia show a good growth of nerve-fibres and have been studied by Marinesco and Minea (1912, a, b, c, d, e, 1913, a, b) , Minea (1930) and Mossa (1928) . The results are essentially similar to those obtained with central nervous system. Sympathetic nerve-fibres were seen to grow when embryonic liver, kidney, heart and intestine were cultured (Lewis, M. R., and Lewis, W. H., 1911 Lewis, W. H., , 1914 Lewis, W. H., and Lewis, M. R., 1924; Matsumoto, 1920; Campenhout, 1931; and Szantroch, 1935) . Their growth was similar to that from the central nervous system. Some work has been done from the pathological point of view by testing the reactions of cultured nerve-cells to various noxious agents. Mossa (1926, b) studied the effect of high temperatures; Lazarenko and Benenden (1932) , the effect of ultraviolet light; Freifeld and Ginsburg (1930) and Verne and Sannie (1935) , the effects of various chemicals. Martinovic (1930 Martinovic ( , 1932 studied the effect of cerebrospinal fluid on growth; he found that while the fluid appeared to be entirely harmless, yet it was not sufficient to support indefinite growth. Peterfi and Kapel (1928) studied, by microdissection, the consistencies of the ectoplasm, nuclear membrane, etc., and the effects of mechanical injury on the nerve-cell. Karssen and Sager (1934) and Peterfi and Williams (1934) studied the effects of electrical stimulation.
Some papers have appeared on purely technical questions. Thus Marinesco and Minea (1914) investigated the effect of the pH of the medium on the growth of nerve-fibres. Mossa (1926, a) studied the appearances of cultured nerve-cells under dark-ground illumination.
Questions relating to the origin of the various types of neuroglia and their morphological types have been studied by tissue culture (Verne, 1930; Marinesco and Minea, 1930; Wells and Carmichael, 1930; Costero, 1930, a, b; Mihalik, 1932 Mihalik, , a, b, 1935 .
Finally, Russell and Bland (1933) have applied the method to the study of the gliomata.
CONCLUSIONS
From this survey it will be seen that tissue culture methods are far from exhausted as a method of approach to various problems in regard to the nervous system. It may be of interest to mention a few of the obvious further possibilities. There is, for instance, the possibility of growing neurotropic viruses in cultures of the nervous system. In this connexion it may be noted that chick embryo is an excellent culture medium for the vaccinia virus. This possibility appears to be entirely unexplored. Then there is the possibility of studying in the living nerve-cell the action of the ' classical' nerve poisons-syphilis, tetanus, diphtheria, lead, alcohol, ergot, etc. In neuroembryology, the problem of why nerve-fibres grow to the muscles is still largely unsolved: tissue culture methods, by studying the directing effects of various conditions and substances, should offer plenty of material here. Further, the tissue culture of adult cells is practically an untouched subject. To be able to study living adult nerve-cells would obviously open up tremendous fields of research. But it may be concluded generally that tissue culture methods offer many openings for research. Not the least advantage of these methods is that they study the living, and not the dead, cell.
